Objectirc. To determine wbetber patient demographic characteristics affect the use of diagnostic tests for the evaluation of children with acute gastroenteritis by emergency department (ED) physicians.
INTRODUCTION
Numerous studies have identified differences in the use of health care services for people of differing social characteristics [1] [2] [3] . Specifically, studies have consistently found diminished access to care for patients without health insurance [4] [5] [6] [7] . Examinations of the impact of race and ethnicity on receipt of services have been more inconsistent, with many but not all studies indicating decreased access to high technology interventions such as percutaneous angjoplasty for African-Americans [8] and generally lower levels of health services use by varying Latino populations [2, 3] .
The sources of data for many prior studies may limit their validity in assessing social influences on clinical decision making. A large number of such studies use either administrative data or patient reports, neither of which may provide sufficient clinical detail to adjust for potential differences in severity of illness that may otherwise influence the need for services [5, 9] .
Most of the previous research focuses on general access to care or a procedure while there are fewer studies examining variation in the use of a particular test or treatment strategy within the care of a single condition [10, 11] .
We sought to determine whether physicians treating patients with a common pediatric condition, in a single care setting, varied in their use of diagnostic tests according to patient social characteristics. We chose this condition because (a) it is a common condition; (b) no standing protocol for the use of testing existed in our care setting; (c) criteria for illness severity are relatively straightforward; and (d) it is a self-limited disease with generally good outcome [12, 13] .
METHODS
We undertook a retrospective chart review in a tertiary pediatric hospital.
All patients seen with a discharge diagnosis of gastroenteritis (GE) between July and December 1992 were eligible for the study. To identify those patients, we used a log of all patients seen at the emergency department (ED). We employed ICD-9 codes to identify all acute GE-related diagnoses. We excluded those patients with chronic gastroenteritis or GE secondary to more severe diseases.
Race, payor, sododemographic characteristic of the patients and the name of the attending physician were obtained from the hospital administrative database. Clinical data were abstracted from the medical records. The principal outcome measures are the number of laboratory tests requested and number of X-rays ordered. All tests and X-rays that were recorded in the medical encounter note or nursing note, or were documented by a laboratory report slip, were tallied. All the component tests included in a CBC (WBC, H/H, platelets) were counted together as one test, as were the component tests of the SMA-6 (Na/K, C1/HCO 3 , BUN, glucose) and the urinanalysis. Each culture (e.g. stool, blood, urine or CSF) was considered a single test.
Three clinical characteristics that might affect test ordering were assessed. These three characteristics were: presence or absence of blood in the stool; temperature higher, equal, or lower than 38.5 degrees Celsius; and degree of dehydration. The first two variables relate to the risk of identifying a bacterial etiology for a child's gastroenteritis. The second variable-fever-of itself conveys risk of occult bacteremia in children under 2 years of age. The degree of dehydration was quantified through the use of a dehydration score. To obtain this score, we graded the degree of abnormality of each of three variables as recorded in the medical record: mucous membrane status, skin turgor and neurologic state, on a scale of 0 to 2, from minor to severe, and added these item scores together. The overall dehydration score was dichotomized into minor (0-1 points) versus moderate to severe (2-3 points). Criteria to establish these scores were obtained from literature [14] [15] [16] [17] [18] [19] [20] . Our overall marker of severity is the number of these clinical characteristics-blood in the stool, fever > 38.5, and moderate or severe dehydration-rpresent in a child.
Four trained reviewers abstracted all the clinical data from the charts. Reviewers were blind to the specific study goals. Inter-rater reliability indicated good agreement (Kappa = 0.75 to 0.91).
Because of the skewed distribution of tests, and to make the results more easily interpretable, we treated the principal outcome measure, number of laboratory tests, as a dichotomous outcome-greater versus less than or equal to the median number of tests for the study sample (median = 2). Similarly, we examined the probability of performance of any X-rays compared with no radiographic examinations.
For the univariate analyses we performed Chi-Square tests. We used multivariate logistic regression to account for differences between patients. Specifically, in these models we used performance of more than two laboratory tests or any X-ray study as the dependent variable, "race" or insurance status as the independent measure, and other patient (age), illness (dehydration, fever, and hematochezia), and health system (referred/nonreferred) characteristics as covariates. We used the generalized estimating equations (GEE) model to account for the inclusion in the sample of multiple encounters by the same patient [21] . This model accounts for the reduced variance caused by clustered observations that are not strictly independent, such as repeat visits by the same individual.
Additional analyses using log transformations and Poisson regression produced comparable results and are not presented.
All effects are significant at p<0.05, unless otherwise noted. All statistical analysis were performed using the SAS statistical software [22] .
RESULTS

Study sample
The ED computerized system identified 827 visits for GE. After three record requests, we were able to find and review records for 709 encounters (85.7%). Of these, 96 (13.5%) did not have GE based on medical record review. We could not obtain sociodemographic data on age, sex, race and pay or for patients who accounted for 80 of these encounters; these were also excluded from analysis. Therefore, 533 observations (i.e. ED encounters) were entered in the analysis. Among the 533 encounters in the final sample, 30 involved patients with more than one visit at the ED during the six-month period of the study.
Of the 503 patients in the final sample, 122 (24%) were black, 132 (26%) white, and 143 (28%) Hispanic (see Table 1 ). Forty-four percent of the patients were privately insured, 39% insured by Medicaid, and 17% were coded as "self-pay". As anticipated, most patients with gastroenteritis had little evidence of severe disease. Clinical assessment showed 4.7% to have a moderate to severe degree of dehydration, 5.4% had blood in the stool, and 22% had a temperature higher than 38.5 Celsius. Twenty percent of the patients were sent to the ED by their primary care physician, as reflected in the records. Seven percent of all the study patients were admitted.
Black and Hispanic patients received fewer tests for the evaluation of gastroenteritis than did white patients. ED staff ordered more than two tests as part of 36% of visits by Hispanic children, 39% of visits by for black children, and 52% of visits for white children with this condition. Similarly, black and Hispanic children with GE received fewer radiological evaluations for their condition. Physicians ordered one or more X-ray studies for 10% of visits by Hispanic children, 19% of visits by black children, and 28% among visits among for white children (see Table 2 ).
Uninsured patients were much less likely to have either laboratory tests or radiographic investigations performed than were either privately or publicly insured children. Physicians requested two or more laboratory tests for only 21% of uninsured children, while ordering more than two tests for 44% of Medicaid insured and 58% of privately insured children. In like manner, 12% of uninsured children received one or more X-rays, while 16% of publicly insured children and 23% of privately insured children received radiological studies (see Table  3 ).
The clinical characteristics of patients did not differ across different categories of patient race (see Table 4 ). In striking contrast, the health services characteristics of children with GE varied markedly between racial groups. Specifically, black and Hispanic children were more likely to have either public insurance or to be uninsured, compared with white children. Similarly, black and Hispanic patients were significantly less likely to have been sent to the ED (16 and 17.5% respectively) by their primary care physician than were their white peers (33%).
Uninsured children were less likely to have fever > 38.5°C than were either privately insured or publicly insured children. A greater proportion of publicly insured children were less than one year old compared with children in the other insurance groups. Uninsured and publicly insured children were more likely to be of minority race. Both uninsured and publicly insured children were also much less likely to have been referred by their primary care provider than children with private insurance (see Table 5 ).
As expected, children with more markers of illness severity were more likely to undergo tests. Thirty-six percent of children with no markers received two or more tests, while 59% of children with one or more indicators of illness of severity had such testing (p < 0.001).
After adjustment for these potential confounders, Hispanic patients remained less likely than white patients to have more than two laboratory tests requested at the ED (OR = 0.53, 95% CI: 0.3 to 0.9). Similarly, Hispanic patients were less likely than white patients to have one or more X-rays requested in the ED (OR = 0.31, 95% CI: 0.15 to 0.67). Differences between black and white patients in the amount of testing received were no longer statistically significant after adjusting for potential confounders (see Table 6 ).
Uninsured patients also remained less likely than patients under Medicaid to undergo more than two laboratory tests (OR = 0.53, 95% CI: 0.3 to 0.96) after accounting for differences in demographic, clinical and referral characteristics. Differences in X-ray ordering were no longer significant across insurance categories (see Table 6 ).
Differences between insurance groups appeared greatest for those patients with less severe disease, or fewer clear indications for test performance (see Table 7 ). Specifically, differences between uninsured and insured patients existed among those with no clinical markers, but were not found among those with one or more clinical markers of illness severity. The impact of severity on the differences in test receipt by racial group were less pronounced. •Model also includes measures of age, sex, severity of illness, referral, admission status and ED-attending physician.
•*p<.05.
DISCUSSION
In this study, we detected differences in the number of tests that patients received based on patient race or insurance characteristics. Specifically, we found that Hispanic patients being evaluated for gastroenteritis were less likely to undergo three or more laboratory tests or to receive one or more X-rays than white children of comparable illness severity. African-American patients also got fewer tests than whites, but after accounting for other patient and disease -characteristics, this difference was no longer statistically significant.
Children without health insurance were less likely than insured children to have more than two tests ordered.
Although much previous work has documented social disparities in the use of children's health services, most such work has focused on access to services rather than the quantity or quality of services provided once the patient enters a care setting [1] [2] [3] [4] [5] [6] [7] . In this study, all patients were already in a single care setting.
This study does have several methodological and conceptual limitations. First, as a chart review based study, this investigation is dependent on the quality of documentation of both clinical (in the medical record) and sociodemographic (in the administrative log) data obtained and recorded by others. Although common experience supports the incompleteness of clinical information as recorded in the record, the quality of documentation should not be biased for any particular group under study. Insurance status, of substantial importance to payment for services, is usually well recorded. Data on patient race has been found to be generally reliable when considered for broad groupings (e.g. minority/non-minority) [23, 24] . A second methodological limitation is our use of an unvalidated index of illness severity. Use of such an index was necessary given the lack of a standardized measure of severity for childhood gastroenteritis and our dependence on retrospective data collection. This limitation is minimized, however, in that the components of this measure are based on current published data, and closely reflect the approach used in recent national guidelines for the assessment and treatment of this disorder [14] [15] [16] [17] [18] [19] [20] . Moreover, we did find that our measure had construct validity, i.e. patients at higher degrees of severity according to our index did undergo more tests.
A third limitation is that we confined our study to one hospital. Based on this single setting, we cannot determine whether our findings are 'generalizable to other care settings, although we believe our program is typical of other urban referral teaching programs.
As noted above, this study also has conceptual limitations. As reflected by Schulman [23] and other authors [24] , "race" is a term with little biological or anthropological meaning, and is often used in an inconsistent manner. We are using race as rough measure of minority social status, an indicator for the social experience certain individuals or groups of individuals may receive.
We do not have any information on the health outcome of any encounter. We cannot show whether greater or fewer tests lead to different outcomes, and thus we cannot determine whether one group is better or less well served by undergoing testing. Indeed, because we do not have such outcome data and guidelines for the assessment for assessment and treatment of this condition had not been published when these children were being evaluated, we cannot evaluate the appropriateness of the use of either laboratory test or X-rays. We do note, however, that the differences between groups appeared greater among those with less severe disease, suggesting that the additional tests were discretionary. Moreover, the guidelines published since these data were collected recommend electrolyte determination only for patients with severe dehydration or for those with moderate dehydration and 'histories or physical findings ... inconsistent with straightforward diarrheal episodes.' This suggests that children were not likely to have been harmed by receiving fewer tests.
Despite these clear limitations, this study nonetheless shows that at one large pediatric institution, significant variation exists in the use of diagnostic testing dependent on the patient's perceived race or insurance status, and this variation is independent of any identifiable clinical characteristics of the patient's illness. Determining whether this variation arises from real and articulated family preferences, as may occur for families without health insurance to forego testing; from physicians' differential perception of acceptability or need for testing; or simply from barriers in effective communication between family and clinician will require closer, more qualitative observation. Establishing whether these variations have any health implications for different populations, or whether comparable variations take place in the assessment of more serious pediatric conditions, will likewise require additional, albeit different, investigations. Until such studies are available, we believe that health providers should strive to reduce differences in care based on a patient's social and economic characteristics, and rather base use of tests and therapeutic interventions on patient need, good evidence, and articulated preferences.
